Abstract. This study attempts to describe changes in plankton biomass (including bacteria, phytoplankton, ciliates, rotifers, and crustaceans) in the semi-arid, hypertrophic, freshwater wetland, Las Tablas de Daimiel National Park (central Spain), in relation to water inflow. An inter-annual comparison of 1996 and 1997, with contrasting rainfall, reveals that inflows in the form of flooding act as a bottom-up structuring force on total plankton biomass. However, the responses of plankton biomass to flooding were different in strength between the two years, which can be attributed to shifts in plankton community structure. Crustacean zooplankton conditioned total plankton biomass in 1996, based on the relationship between the high individual biomass and community development. Crustaceans decreased in 1997, while bacteria, phytoplankton and rotifers increased. The quantitative increase of the latter groups resulted in a higher total plankton biomass in 1997. The key position of crustaceans in the wetland plankton is also reflected in their capability for exerting significant topdown control, which was clearly evident in 1996 but weaker in 1997, based on their numerical reduction. Statistical analyses provide evidence that the decline of trophic interactions in 1997 is related to the strength of flooding in that year, thereby highlighting the significance of the disruptive action of physical disturbance on biotic interactions in the plankton. Flooding and areal inundation were also shown to be significant for spatial heterogeneity. In 1996, site-specific development took place in the absence of prolonged flooding effects, resulting in high spatial heterogeneity. In 1997, however, remarkable homogenization of plankton biomass occurred along the major water flow path. Thus, wetland landscape heterogeneity depends on inflows which condition areal inundation. This, in turn, influences plankton dynamics.
Introduction
Wetlands in arid and semi-arid regions of the world, such as Mediterranean Europe, are faced with frequent droughts and low rainfall, which is unevenly distributed in space and time. Hydrologic cycles are highly variable, with high intra-and inter-annual rather than seasonal irregularities. Consequently, ecosystem function in Mediterranean wetlands can be highly variable (Mitsch et al., 1994) .
In mesic and xeric wetland regions, sudden water inputs can result in significant changes in ecosystem size (Stanley et al., 1997) , ecotone boundaries (Johnston and Naiman, 1987; Holland, 1996) , nutrient dynamics (Quintana et al., 1998a) , and dilution of pelagic communities (Dickman, 1969) . In short, the physical and chemical environments and biotic communities may be altered substantially by water inputs (Quintana et al., 1998a,b) . Many studies have been undertaken to determine the responses of selected biological communities to such fluctuations (Schoenberg and Oliver, 1988; Heckman et al., 1993; Tan and Shiel, 1993; Patten, 1994; Robinson et al., 1997; Quintana et al., 1998b; Sánchez-Carrillo et al., in press ), mostly putting emphasis on structural changes, i.e. taxonomic composition (Van den Brink et al., 1994) . Although the community changes are well documented, there are still uncertainties about whether such perturbations have a significant effect on total plankton biomass in semi-arid freshwater wetland ecosystems. Furthermore, the relationships between flooding and food webs and their interactive effects on the plankton, which are central to wetland planktology, are insufficiently known (Figure 1 ).
This study was undertaken to estimate the responses of the plankton biomass (including bacteria, phytoplankton, ciliates, rotifers and crustaceans) to fluctuating hydrology. Hydrologic variability can be estimated with the variability of size of inundated or flooded area (areal inundation) or flooding, among other measures. Areal inundation and flooding are frequently used in the literature ambiguously, but we refer to flooding as a dynamic process (increase of water volume per unit time due to water inputs in the ecosystem) while areal inundation and related terms are a spatial measure that reflect flooding and water loss by transpiration, evaporation, outflow etc. Nevertheless, in this study, we regard the increase of areal inundation as a surrogate for flooding. The terms of nonflooding have been shown to be roughly the same each year (Sánchez-Carrillo, unpublished data).
From the manifold effects which hydrologic changes can have on wetland ecosystems, we put special emphasis on the following topics by posing specific hypotheses. (i) Flooding increases areal inundation, thereby acting as a bottomup structuring force for plankton in wetlands. Habitat availability for plankton is closely connected to the size of the inundated area and hence, we expect a positive correlation between increase of inundated area and plankton biomass. (ii) Flooding has a destabilizing effect on plankton food web dynamics in wetlands. Water inputs by inflows and consequent flooding comprise a major form of physical disturbance, which may substantially suppress trophic interactions (Margalef, 1997). (iii) Flooding reduces spatial plankton heterogeneity. Wetland plankton can vary widely in space and time because of the plethora of niches these ecosystems exhibit (Hillman, 1986) . Hence, water input might result in habitat homogenization, thus reducing spatial plankton heterogeneity.
Method

Study site
The study area was in Las Tablas de Daimiel National Park (hereafter, TDNP), a semi-arid floodplain along the rivers Gigüela and Guadiana, located in central Spain (39º08ЈN, 3º43ЈW) (Figure 2 ). The wetland covers about 20 km 2 , receiving its water chiefly from river inputs. Its watershed is ~13 000 km 2 , underlain by Pliocene limestone, marls and calcretes, but its discharge into TDNP is low due to water diversion for heavy agricultural irrigation coupled with low rainfall. The average water depth is 0.91 m. The highly variable hydrology results in fluctuating hydrological connectivity patterns and hydroperiods. Low discharge, high allochthonous organic loads from nearby sewers, the intensive agricultural use of the uplands, and high internal loading result in a hypertrophic and turbid ecosystem. For further comprehensive information on TDNP, see AlvarezCobelas and Cirujano (Alvarez-Cobelas and Cirujano, 1996) . For this study, we chose five sampling points (Figure 2 ) which differ in their biotic and abiotic settings to cover spatial heterogeneity. FV, the shallow input site of the Giguela river, possesses abundant emergent vegetation and acts as a natural waste-water treatment area for a nearby city. PG may act either as a shallow pond or a channel-like system, depending on the hydrological conditions. This site receives the polluted water directly, and it is infested with Phragmites. The third zone, MM, is a water outlet site. It behaves like a shallow turbid pond with hydrologically-perturbed periods. Emergent vegetation is fairly abundant. EN can be compared with a shallow, euryhaline eutrophic pond. PN, the second output site, represents a slightly deeper, lake-like area within the wetland in which macrophytes are scarce. This zone is separated from the other sampling sites by a porous dam. A floodgate can regulate water levels.
Sampling and biomass evaluation
Plankton communities and physicochemical variables were evaluated at monthly intervals from January 1996 to December 1997.
PG could not be sampled between December 1996 and May 1997. Bacterioplankton was collected and fixed in situ with 4% formalin. Bacterial densities were evaluated using epifluorescence microscopy and acridine staining according to Hobbie et al. (Hobbie et al., 1977) . Depending on varying cell concentrations, between 0.5 and 1 ml of these samples was filtered through a 0.2 µm Nucleopore filter for epifluorescence counting. Bacterial density was transformed to fresh biomass after multiplying cell density by an average cell biovolume. Phytoplankton and ciliate samples were immediately preserved with Lugol's solution. The fixed material was counted using an inverted microscope (Olympus CK2) and Utermöhl counting chambers. At least 100 individuals of the more abundant species were counted from each sample with a 20% error (Lund et al., 1958) . Biovolume was calculated using at least 30 measurements of each species and geometric shapes (Rott, 1981) . For analysis of zooplankton (rotifers, cladocerans, copepods and nauplii), 10-30 l water were filtered through a Nytal net (45 µm mesh width). Samples were immediately fixed with 4% formalin. Counting was carried out in 15-50 ml sedimentation chambers on an inverted microscope. The taxa were determined to the lowest possible level and assigned to the functional groups, rotifers and crustaceans (Cladocera and Copepoda). Biomass of animal densities was calculated employing McCauley's (McCauley, 1984) formulae and mean values of conversion ranges for animal weight/volume calculations.
A density of 1 kg l -1 was assumed for biovolume conversion into biomass for bacteria, phytoplankton, ciliates and rotifers. We have chosen volumetric units (mg l -1 ) as output variable as areal units (mg m 2 ) did not deviate statistically significantly.
Physicochemical variables
Samples for chemical analysis were collected in acid-washed PVC bottles, stored in ice-boxes and analysed the next day. Chemical analyses of dissolved inorganic nitrogen (DIN = NO 3 -+ NO 2 -+ NH 4 + ), soluble reactive phosphorus (SRP) and total phosphorus (TP) followed standard methods (APHA, 1989) . The water was filtered before the analyses of the dissolved nutrients. Meteorological data were obtained from the field station at TDNP. The TDNP staff provided the data on water levels. These data were used to calculate areal inundation in a digital terrain model [SURFER v.6 (Golden Software Inc., 1995) ].
Determination of flooding and food web effects
Temporal occurrence of flooding and food web effects in highly fluctuating systems such as TDNP cannot be measured easily by statistical analyses. The stochastic nature of the cause-effect relationships may result in low statistical significance of the factors at work. It is therefore possible to make more conclusive assertions based on simple visual presentation of time courses, even if statistical analyses prove rather weak relationships between variables. In our case, multivariate statistics (see below) resolved bottom-up effects by flooding and topdown control via crustacean zooplankton (Table I) . Consequently, we tried to separate the presence and absence of flooding, and food web effects, by visual presentation. The increase in inundated area is regarded as a measure of flooding (see Figure 3 ), while the decreasing areal inundation is considered to be a period in which water loss prevails. Data on plankton biomass during flooding events, and during the absence of such, are hence calculated based on inundation patterns of FV, MM and PN as presented in Figure 5 . We discerned periods with and without food web effects on the basis of the remarkable development and absence of crustacean zooplankton in the different sites during the study period (see Figure 4) . With this procedure, we established a four factorial matrix with plankton biomass data: (1) in the presence of flooding, (2) in the absence of flooding, (3) in the presence of food web effects (=development of crustaceans), and (4) in the absence of such (= no crustacean occurrence), which was implemented in statistical analyses. Table I . Multiple regression equations obtained from the stepwise backward multiple regression analysis for predicting the effects of areal inundation and food web effects (especially top-down control by crustaceans) on total plankton biomass in TDNP. TPM, total plankton biomass; Area, areal inundation 
Statistical analysis
All data were log (x + 1)-transformed prior to analyses to meet statistical criteria for normality and stabilize variances. Analyses were performed using STATIS-TICA (StatSoft, Inc., 1995) . Backward, stepwise, multiple regression analyses, using F-to-enter = 3 to reduce a priori rejection of all independent variables, were employed for detecting relationships between (i) nutrients, inundated area and total plankton biomass (see hypothesis 1), (ii) plankton biomass of the input site to downstream sites in relation to water flow pattern (hypothesis 3) and (iii) for assessing bottom-up/top-down regulation of plankton biomass (hypothesis 2). A total set of 36 observations (12 each from FV, PN and MM) was included in the statistical analysis for each year. Great care was taken to exclude co-linearity in the analyses (Petraitis et al., 1996) . Once significant food web and flooding effects had been detected, we tried to separate their importance, as determined by visual presentation (see above), and their interaction in a two-way ANOVA (Sokal and Rohlf, 1981 ) (hypothesis 2). As intra-group variance can be high in such fluctuating environments, the variance explained by ANOVA may mask the significance of the statistical results. We therefore tried to confirm results with a t-test for comparison of means of independent samples, assuming differences of intragroup variance. As the results of the t-test gave exactly the same results, our ANOVA data can be regarded with confidence. A Tukey HSD test was performed for post hoc comparisons between food web and flooding effects. Finally, a Pearson correlation analysis was carried out to relate total plankton biomass between sites, aiming to assess spatial heterogeneity of plankton.
Results
Hydrology, nutrients and plankton community dynamics
Total annual rainfall in 1997 (662 mm) exceeded annual precipitation in 1996 (total rainfall 554 mm, one third falling in late December), and appeared to be reflected in a greater flooding area in 1997 (Figure 3 ). Areal inundation showed remarkable seasonality in 1996, while more even inundation patterns were observed in 1997. Areal inundation was significantly higher in 1997 (average 13.19 km 2 ; P = 0.00001) than in 1996 (average 6.74 km 2 ). Hydraulic retention time was >1 year in 1996 versus 0.36 year in 1997. Hydraulic loading was 0.003 and 0.02 m day -1 in 1996 and 1997, respectively. A detailed presentation and discussion of hydrologic parameters can be found in Sánchez-Carrillo and Alvarez-Cobelas (Sánchez-Carrillo and Alvarez-Cobelas, in press). Nutrients displayed distinct seasonality; DIN peaked both in winter and summer, whereas TP peaked in late spring and early summer ( Figure 4) . As a result of higher water discharge, external nutrient inputs increased in 1997 ( Figure 6 ). However, higher amounts of TP (P = 0.03) and DIN (P = 0.0001) were measured in 1996 (Figure 7) . SRP was not significantly higher in 1997 (P = 0.3). Overall, DIN was not related to either flooding or TP (P > 0.05), and TP was only slightly related to flooding (R 2 = 0.10, P = 0.02).
Whereas oscillation of bacterial biomass (0.22-1.13 mg l -1 ) occurred throughout 1996, a clear increase in biomass was observed in spring 1997 in FV and PN (0.57-1.6 mg l -1 ). The increase in MM was less drastic (Figure 4) . Total bacterial biomass was higher in 1997 (Figure 8 ). Bacterial biomass was typically in a range characteristic for hypertrophic waters, according to OECD (OECD, 1982) .
Seasonally-and spatially-independent dynamics of phytoplankton took place in 1996. FV showed highest biomass values around March (12.9 mg l -1 ), whereas PN peaked in fall and winter (41-43 mg l -1 ; Figure 4 ). MM showed a clear summer maximum in 1996 (13.5-15.7 mg l -1 ). In 1997, phytoplankton biomass tended towards higher values during the summer months in MM (65.6 mg l -1 ) and PN (18.2 mg l -1 ). FV, on the other hand, peaked twice in May (12.6 mg l -1 ) and (Rott, 1984) .
Biomass of ciliates was low (0.1-1.2 mg l -1 ) and no distinct successional patterns were observed in FV during the study period. In 1996, both MM and PN exhibited two biomass maxima, MM peaking in May (13.2 mg l -1 ) and August (11.6 mg l -1 ), whereas PN reached its maxima in September (15.4 mg l -1 ) and December (11.9 mg l -1 ). In 1997, the first half of the year showed no clear trends in ciliate development, nor did FV in the second half. However, MM and PN demonstrated an uneven increase in biomass to ~12.3-12.6 mg l -1 (Figure 4) . Biomass of ciliates did not differ between 1996 and 1997 ( Figure 8) .
Appreciable rotifer increase in biomass took place during the summer months in 1996 in FV (0.4 mg l -1 ) and PN (0.2 mg l -1 ). The latter reached a second maximum in December (0.25 mg l -1 ). MM did not show any clear trends in development of rotifer biomass in 1996, but a dramatic increase took place in the second half of 1997 (Figure 4) . The remaining sites peaked occasionally in 1997, particularly in the winter months. Comparing both years, rotifer biomass seemed to be slightly higher in 1997 (Figure 8) .
In contrast to rotifer biomass, crustaceans peaked between spring and summer in 1996 at all sites (9-30 mg l -1 ). The later decline of crustacean biomass remained constant throughout the rest of 1996 and 1997 in FV and MM. Only PN showed summer and winter maxima in 1997 (11 and 10 mg l -1 , respectively; Figure 4 ). Crustacean biomass seemed to be more important in 1996 (Figures 4 and 8) .
Comparison of total plankton biomass in 1996 and 1997 revealed statistically higher values in 1997 (P = 0.01, Figure 8 ). Differences in percentage of the plankton groups were evident (Figure 9 ). The proportion (averages of all sites) of phytoplankton was notably higher in 1997, whereas bacteria and rotifers were only slightly higher. On the other hand, crustacean and ciliate biomass was higher in 1996. Figure 5 shows the spatio-temporal adaptation of plankton biomass to changes of the inundated area. In 1996, inundation patterns exhibited a maximum from early spring to early summer. Flooding took place from January to March. In MM, plankton biomass increased after a time lag of 3 months, the peak coinciding with the maxima of the inundated area. In FV and PN, plankton biomass increased after the same time lag but peaked before maximal areal inundation. PN exhibited a biomass depression in May, and a slight increase in autumn and winter when no flooding occurred. In all sites, the plankton biomass showed a decline before the inundated area started to decrease.
Response of plankton biomass to areal inundation
The inundation pattern and the response of plankton biomass were quite different in 1997. Flooding was qualitatively and quantitatively more important and took place within one month. From January to May, the flooded area decreased steadily but peaked slightly again in June. Towards autumn, the inundated area exhibited a decline but increased again from September onwards. The response of plankton biomass to these patterns was similar between sites, but not as clear as in 1996. Plankton biomass again responded to inundation after a 2-3 month delay, but the biomass increase was drastically lower and moreover, fluctuated during the first inundation event. This situation remained during the second inundation period from September onwards in FV and MM. Only PN showed a plankton biomass increase in October.
In order to find a clearer pattern between the inundated area and plankton biomass, we simplified the curves by superimposing their polynomial trendlines (sixth order). Again, the intra-and inter-annual variability of the plankton response to changes of the inundated area can be appreciated, with a coincidence of increase of the inundated area and plankton in FV and PN in 1996, while plankton increased after a delay in MM. In 1997, plankton was augmented in all sites, albeit more weakly, and again after different delays.
Effects of flooding on trophic relationships in the plankton
Multiple regression analyses revealed inter-annual differences of bottom-up effects by areal inundation on total plankton biomass. Significant effects were found in 1996 but not in 1997 (Table I) , even though the effects were resolved by graphical visualization. In both years, nutrients were automatically discarded as independent variables, indicating that DIN and TP do not account for statistically significant bottom-up control. The regressions also revealed differences in the strength of cascading food web effects (top-down control), with higher significance in 1996 (Table I) .
Results of the two-way ANOVA contrasting all observations of plankton biomass in 1996 in the presence and absence of flooding effects and/or food web interactions yielded a slight statistical significance of areal inundation, whereas the effect of food webs was higher (Table II) . The combined effect of inundation and food web was not significantly related to plankton biomass. On the other hand, plankton biomass was not constrained by food web dynamics but could be partially explained by flooding in 1997. The combination of both remained insignificant (Table II) . Table III shows significant differences in total plankton biomass in the presence and absence of top-down control (=crustacean development) and furthermore, that the biomass differs in the presence of food web effects when flooding-free periods prevail. This suggests that food web effects are expressed when physical disturbance in the form of flooding is absent, as in 1996. No such relationships were found in 1997, indicating that total biomass is sufficiently homogeneous to cause significant differences between factors. This leads to the suggestion that the strength and duration of flooding has a deleterious effect on the plankton food web. The ANOVA analysis is hence in agreement with the results obtained from the multiple regression analysis, which showed weaker food web effects in 1997. 
Spatial plankton heterogeneity
Pearson's correlation between total biomass among sampling sites highlighted significance between EN and MM in 1996, at the P = 0.05 level, which were interconnected in the dry year but isolated from FV and PG (Table IV) . Hence, the biomass at FV, PG and PN remained independent of each other in 1996. This is closely related to the geomorphic surface structure of TDNP, as revealed by digital terrain modelling. Due to increased areal inundation in 1997, hydrological connectivity was given between all sampling sites, which resulted in significant pairwise correlation of biomass at FV, PG, EN and MM (P = 0.05), the sites situated along the main water flow path. PN, however, was never statistically significantly related to any other site (Figure 10 ). Therefore, planktonic spatial heterogeneity was higher in 1996 than 1997. Assuming that water flow pattern may impinge on plankton spatial heterogeneity, the plankton biomass formed in the input site (FV) may influence the downstream sites, providing that other phenomena, e.g. food web effects, are not evident. Relating downstream sites (as dependent variables) to the input site (independent variable) in a multiple regression analysis, the total plankton biomass formed at the input site explained variance of plankton in PG (R 2 = 0.25; P = 0.002) and MM, the output site (R 2 = 0.36; P = 0.001). The site located farthest away (PN) remained unexplained.
Discussion
The effects of flooding on plankton biomass and community structure
The multivariate analysis may be focused from a temporal perspective to seek a possible correlation (Alvarez-Cobelas et al., 1994) and to detect cause-effect relationships. However, the stochastic nature of the TDNP wetland (high variability, unpredictable delay between correlated variables) makes this approach difficult and statistical significance may be difficult to obtain. In fact, areal inundation was weakly explained by multiple regression analyses, even when applying time lags. We therefore tried to use a visual presentation of our data to prove a relationship between flooding and total plankton biomass. Indeed, our graphs revealed a dependence of plankton biomass development on the size of the inundated area, i.e. it increased in response to flooding, even though the nature and strength of the response was different within and between years ( Figure 5 ). This spatiotemporal variability may also have accounted for the relatively weak statistical explanation. Based on the interpretation of the visualized succession, we can verify our first hypothesis that flooding may act as a bottom-up factor on total plankton biomass in TDNP.
It is interesting to note that 1996 and 1997 behaved very differently, as the response of plankton development was weaker in the second year. Interpretation of this fact may be difficult without discerning the importance of the plankton community structure. In fact, total plankton biomass seemed to be constrained by crustacean zooplankton in TDNP, even though, in terms of quantity, phytoplankton comprised the main group in both years. Given the specific weight of crustacean taxa, they may significantly alter the biomass when thriving well. In 1997, crustaceans did not reach the levels of 1996, which is reflected in the apparently weak response of plankton to areal inundation in 1997.
The higher flushing rates associated with flooding, which cause a decrease in water residence time (Walz and Welker, 1998) , may be considered as responsible for the decline of crustaceans. In fact, the hydrologic conditions in 1997, reflected by the lower water retention time and increased hydraulic loading, may have selected against organisms with longer generation times (Basu and Pick, 1996) but may have favoured plankters with shorter generation times (phytoplankton, rotifers). However, water residence time in TDNP (131.4 days) exceeded the critical period needed for maturation of plankton communities (Perry et al., 1990; Basu and Pick, 1996) , although water velocity can be high enough, particularly in spring, to dilute crustaceans in TDNP. Assuming that crustacean rinsing is negligible on a whole year basis, we suggest that dispersing mosquito fish populations, which occurred in 1997 (Alvarez-Cobelas, personal observation), effectively controlled crustacean biomass by predation (Meffe and Snelson, 1989; Rojo et al., 2000) . Unfortunately, the lack of data on fish densities/biomass does not allow clear conclusions to be drawn.
Besides the decline in crustaceans, we observed other differences in community structure between years. These included an increase of phytoplankton, bacteria and rotifers, the latter increasing only slightly, on an average basis. Besides the advantage of rapid reproduction in unstable environments mentioned above (Porter et al., 1983; Walz, 1995) , phytoplankton and bacteria may have enjoyed the allochthonous nutrient input associated with flooding, as has been demonstrated in a Mediterranean coastal salt marsh (Quintana et al., 1998b) . This assumption, however, was not confirmed by multiple regression analyses, for nutrient-bacterio/phytoplankton relationships remained unexplained. Given the limitation of statistical analyses when applied to such fluctuating environments, the results need to be interpreted with care. Nonetheless, as nutrient levels were higher in 1996 when hydraulic loading was low and water loss via outflow negligible, the importance of internal nutrient loading needs to be emphasized, rather than external supply through flooding in TDNP, thus supporting our statistical data. The slight increase in rotifer biomass could have been the result of their opportunistic life history traits, i.e. the hatching of resting stages from the sediment when being inundated (Tan and Shiel, 1993; Serrano and Toja, 1998) . However, a drastic increase in rotifer biomass did not occur in 1997. Ciliates were apparently the only group which did not exhibit inter-annual differences in biomass, though seasonal variability was observed. Based on this time course it is not possible to relate ciliate biomass to hydrology at the present time, and other factors must be sought to explain their biology in TDNP.
Flooding effects on trophic interactions
This study revealed that crustacean zooplankton can significantly condition plankton food web effects in TDNP. Crustaceans, particularly large-bodied cladocerans, are known to control phytoplankton biomass more effectively than small-bodied forms and rotifers (Dawidowicz, 1990) . Moreover, they may interfere with smaller zooplankters either indirectly via resource competition or directly via mechanical damage. Such effects were found in 1996 by means of the multiple regression analysis. Crustaceans therefore seem to occupy a key position within the plankton food web in TDNP. This statement is somewhat substantiated by the fact that food web effects in the plankton were lower as crustaceans decreased in 1997. Even though rotifer biomass increased slightly in the wet year, these animals were virtually absent to exert any relevant top-down control. This may not be surprising however, because rotifers comprised only a small part of the total plankton standing crop in both years.
Although we found food web effects to work in TDNP, they were weaker compared with temperate, shallow and deep lakes [see (Carpenter and Kitchell, 1993; Scheffer, 1998) ], stressing the importance that other variables may explain plankton. Among these, allelopathic interactions with macrophytes (Szeczepanski, 1977; Jasser, 1995) and water colour [e.g. (Serrano and Guisande, 1990) ], which can impinge on plankton community dynamics, could be at work, but few in situ data are currently available.
The importance of food web effects was lower in 1997 than in 1996, which could suggest that the hydrologically perturbed conditions might have had a deleterious effect on biotic interactions. In fact, Quintana et al. (Quintana et al., 1998b) and Margalef (Margalef, 1997) emphasized the importance of mechanical disturbance as a destabilizing force on biotic interactions. From a hydrological point of view, TDNP behaved more like a riverine system during parts of 1997, while being characterized by lotic features in 1996. As is known from rivers, which are dominated by physical interactions (water flow), biotic dynamics such as food web control is suppressed or rarely well expressed (Descy et al., 1994) .
Contrasting flooding features with food web effects (Table III) , we found a significant difference between biomass in the presence of food web effects and the absence of flooding in 1996, and between the presence and absence of food web effects, while in 1997, no relationships were found. Assuming the statistical analysis is not impaired by the stochastic nature of our obtained variables, we can verify our second hypothesis, that biotic interactions within the plankton are lower during hydrologically perturbed periods.
Flooding and spatial heterogeneity of plankton
Flooding can alter landscape properties markedly. As a result of the limited water input, the flooded areas were very patchy in 1996. The wetland comprised a lentic system consisting of interconnected and isolated ponds in which site-specific plankton development took place. In 1997, on the other hand, TDNP experienced extended flooding periods and more riverine conditions. The quantity of water entry resulted in homogenization of the plankton communities at the sites which run along the major flow path. Thus, the impact of hydrology on the wetland system (Mitsch and Gosselink, 1993) , and particularly on spatial plankton composition, is clear, thereby verifying our third a priori hypothesis that flooding reduces spatial plankton heterogeneity.
As FV is the only site of surface water input, the flooding effects will be strongest there. Water flow velocity is highest as a result of the entry of the Gigüela river, but it decreases continuously towards downstream sites because of the emergent vegetation cover and the geomorphic features of the wetland (low gradient between input and output sites). Although flow velocity decreases, the hydrologic conditions allow homogenizing of the sites along the main flow. This is reflected in the dependence of the output site MM on the input site FV. The second output site is separated from the remaining sampling stations by a porous dam built with boulder, which causes different hydrological conditions. Although water and plankton are exchangeable, the altered hydrologic conditions do not permit further homogenization, which is reflected in an independent plankton structure throughout both years.
In summary, flooding patterns play an important role in habitat heterogeneity in the TDNP wetland which, in turn, acts on plankton community structure biomass and interactions through altering food web configurations and physical features of the ecosystem. Clearly it is important to integrate landscape variables in the study of organization of populations and communities in wetlands (Polis and Winemiller, 1996; Polis et al., 1997) . Many abiotic, biotic factors and landscape/ecosystem properties seem to impinge synergistically on wetland plankton. Such a synergism-obviously less important in lakes-is difficult to assess fully and consequently, renders predictions on wetland plankton complicated at present.
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